Background: Treatment of insertional achilles tendinopathy is known to be difficult. Eccentric calf muscle exercises and extracorporeal shockwave therapy have been proposed as the primary treatments for this condition, but surgery is indicated after failed conservative management. There is no consensus about the most efficient surgical treatment. Objectives: To evaluate a new ultrasound and color Doppler-guided surgical treatment for insertional achilles tendinopathy. Patients and methods: 24 consecutive patients (13 men and 11 women, mean age 47 years) with a long duration of insertional achilles tendon pain (median 18 months) were included in the study. The surgical procedure consisted of extirpation of the subcutaneous and retrocalcaneal bursa, scraping of the ventral distal achilles tendon and removal of prominent bone at the upper calcaneal tuberosity (Haglund's deformity). In 13 patients, the plantaris tendon was also cut and excised. VAS for pain during activity, satisfaction with the treatment result and the SF-36 score to measure quality of life were used for evaluation. Results: The mean VAS had decreased from 72 before surgery to 19 after surgery (p < 0.001), and 20/24 (83%) patients were satisfied with the result and had returned to full tendon loading activity at the one-year follow-up. The SF-36 score had improved significantly. Conclusion: Ultrasound and color Doppler-guided surgical treatment seems to be a good method for treatment of chronic painful insertional achilles tendinopathy. Longer follow-up studies on larger materials are needed.
Introduction
Chronic Achilles tendon pain is a relatively common problem [1] , often difficult to treat [2] and occur in both athletes [3] and non-active individuals [4] . The midportion of the achilles tendon is the most common location for pain (55% -65%), followed by the insertion (20% -25%) [5] .
Insertional achilles tendon problem, now commonly called insertional achilles tendinopathy, comes with posterior heel pain and a prominent tendon insertion. The symptoms are often aggravated by an increase in activity level. The diagnosis is mainly based on clinical examination, but ultrasound can be a useful tool in examining the achilles tendon insertion, bursa and bone [6] .
There is more knowledge about the pathogenesis of the painful midportion achilles tendon, other than about its insertion, but some evidence indicates partially the similar pathology. In both conditions ultrasound (US) with color Doppler (CD) has shown a high blood flow in the painful tendons in contrast to tendons from pain-free individuals [7, 8] .
Apart from the pathological distal achilles tendon itself, other tissues have been associated with insertional pain. Bursitis in the deep and subcutaneous bursae [9] , a skeletal prominence located posterosuperior at the calcaneal tuberosity (Haglund's deformity) causing a tendon-cal-caneal impingement [10] , and the presence of calcifications in the achilles tendon insertion have all been associated with posterior heel pain. The plantaris longus tendon could possibly also be associated with this condition [11] .
Most patients with insertional achilles tendon pain can be managed non-operativly [4] . Rest, modified eccentric calf muscle exercises [12, 13] or extracorporeal shockwave therapy [14] has been proposed as primary treatment [15] . The use of soft heel pads to raise the patient's heel-drop has also been shown to relieve pain symptoms. [15] .
When conservative treatment fails, surgery is indicated. Many different surgical techniques have been described, such as extirpation of the retrocalcaneal bursa and resection of the upper calcaneus [16] , and detachment of the achilles tendon at its insertion followed by removal of intratendinous calcifications [17, 18] . Most methods described include tendon invasive procedures and require long postoperative rehabilitation periods. There is no consensus regarding the most efficient surgical treatment for insertional achilles tendinopathy [19] .
From a parallel study, preliminary data of histochemically examined tissue samples from the subcutaneous and retrocalcaneal bursa, the upper calcaneus, fat and fibrous tissue ventral to the distal achilles tendon, collected during insertional achilles tendon surgery show rich innervation patterns especially in the subcutaneous bursae.
The aim of this 1-year prospective study was to evaluate a new US and CD-guided non tendon invasive surgical treatment method for patients with chronic pain and advanced changes in the achilles tendon insertion.
Materials and Methods
Ethics approval was obtained from the regional ethical board for medical research at the Umeå University, Sweden. Informed consent was obtained from all patients included in this study.
Patients
24 consecutive patients (13 men mean age 45 years and 11 women mean age 50 years) with a long duration of insertional Achilles tendon pain (median 18 months) were included in the study ( Table 1 ). The activity levels ranged from non actives (n = 5), recreational athletes (n = 13) to elite level athletes (n = 6). All patients were Swedish, most of them from the northern part of the country. The majority of the patients had tried other treatments before surgery including rest (n = 24), eccentric calf muscle training (n = 10), local sclerosing Polidocanol injections (n = 12), NSAIDs (n = 6), local cortisone injections (n = 3), ESWL (n = 1), all without satisfactory results. All patients had combined pathology in the Achilles insertion, with US and CD verified affection of the distal Achilles tendon, subcutaneous and retrocalcaneal bursae and a prominent calcaneal tuberosity. Thirteen patients (8 men and 5 women) also had Plantaris tendon involvement. Patients with painful intra-tendinous calcifications or bone spurs in the Achilles insertion were excluded. The surgical procedure and postoperative rehabilitation was basically the same for all patients.
Preoperative Ultrasound and Color Doppler Examination
Pre-operative high-resolution grey scale US and CD examination (Acuson Sequoia 512, Siemens) with a linear multi-frequency (8 -13 MHz) probe was used. Examination of the Achilles insertion showed enlarged subcutaneous and retrocalcaneal bursae with high blood flow inside and outside the bursa walls. The distal Achilles tendon was thickened with structural tendon changes located ventral and central in the tendon, and there was a high blood flow inside and outside the ventral part of the tendon. A prominent upper calcaneus, and in some cases also a thickened plantaris tendon surrounded by high blood flow was found in close relation to the medial side of the Achilles tendon.
Surgical Procedure
The operations were done in local anesthesia (5 -10 ml of Xylocaine 10 mg/ml with adrenaline 5 µg/ml) infiltrated into the subcutaneous tissues, inside and around the superficial and deep bursae, towards the periosteum of the upper calcaneus, and on the ventral side of the distal Achilles tendon. After 10 -15 minutes the surgical procedure was started. Through a most often lateral longitudinal skin incision about 4 -6 cm in length, the subcutaneous tissues were visualized (Figure 1 ). The first step was to locate the subcutaneous bursa, between the skin and the insertion of the Achilles tendon. First the posterior part of the bursa was carefully dissected from the skin, then the anterior part was separated from the tendon. The whole bursa was removed (Figure 2 ). The second step was removal of the retrocalcaneal bursa. This bursa is located between the posterior smooth surface of the superior calcaneal tuberosity and the ventral side of the distal achilles tendon. The bursa was visible by lifting the achilles tendon posteriorly, and then the bursa was carefully dissected from the ventral tendon and removed. The third step was scraping the ventral side of the distal Achilles tendon. The surgeon carefully, with a scalpel, scraped loose the infiltrative fat tissue (including the blood vessels and accompanying nerves) outside the ventral Achilles. The fourth step was to remove the prominent upper calcaneus (Haglund's deformity). This was done by using an osteotome (Figure 3) . By placing the index finger in between the tendon and upper calcaneus and dorsiflex the ankle joint, remaining impingement was excluded. The fifth step was to, via the lateral incision, go ventral to the Achilles to inspect the medial side to see if the plantaris tendon was thickened and located close to the medial Achilles. In those cases the plantaris tendon was cut, and the distal 4 -5 cm of the plantaris was removed. Finally, the cavities ( Figure 4) were flushed with 4 -5 ml of Xylocaine + Adrenaline, and loose bone ossicles were removed. Careful hemostasis. The skin incision was sutured with non-resorbable sutures ( Figure 5 ).
Postoperative Rehabilitation
Basic steps: Day 1: Rest with elevated foot. Weeks 1 -6: Range of movement exercises and partial weight bearing (up to 50% of full body weight) during slow walking. Gradually increased walking distance and load on a weekly basis.
2 weeks: Suture removal. Weeks 7 -12: Full weight bearing walking and start of balance and coordination exercises, strength training and functional gradually increased loading.
After 12 weeks: Start slow jogging for short distances, mixed with walking (50 meters jog followed by 100 meters walk etc.) After 16 weeks: Full tendon loading sport activities.
Evaluation
All patients scored their level of pain during their type of Ultrasound 
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Achilles tendon loading activity (walkers during walking, runners during running etc.) at baseline and 12 months after surgery, on a 100 mm long Visual Analogue Scale (VAS), where 0 is no pain and 100 is worst pain [20] . Level of satisfaction with the result of the treatment was scored one year after surgery on a scale of 0 -100 (percentage satisfaction), where 0 is not satisfied at all and 100 is fully satisfied. Besides the one-year scores followup, there was also a telephone follow-up one year after surgery, were all patients answered the question; "Are you satisfied or not with the surgical result?" The Swedish version of the SF-36 (The Short Form 36 Health Survey) questionnaire was used to quantify the quality of life, both from a physiological and a mental perspective, at baseline and 12 months after surgery. The SF-36 questionnaire consists of 36 questions and is divided into eight sections, each section evaluating different aspects of quality of life (PF = Physical Functioning, RP = Role-Physical, BP = Bodily Pain, GH = General Health, VT = Vitality, SF = Social Functioning, RE = Role-Emotional, MH = Mental Health). The results are presented on a scale ranging from 0 -100, where 100 represent the highest level of quality of life in each section. The outcome of this study was compared with the outcome for the age group 45 -54 years in the general Swedish population according to the Swedish SF-36 manual, based on previous health surveys done [1991] [1992] in different regions in Sweden (n = 1449) [21, 22] .
Statistical Analysis
No data was analyzed individually, all data was analyzed on a group level. All the statistical analyses were done in the Statistical Package of Social Science (SPSS Inc., Chicago, Illinois, USA), which has been shown to be effective and accurate [23] . We used paired student's T-test to identify statistical differences in our patients (n = 24) before and at one year follow-up. A P-value < 0.05 was considered to be significant.
Results
Pain during Tendon Loading Activity
The mean VAS (Visual analogue scale) during tendon loading activity decreased significantly (P < 0.001) from 72 (SD 25) before surgery to 19 (SD 26) one year after surgery (Figure 6 ).
Patient Satisfaction
Mean satisfaction with treatment one year after surgery was 88% (SD 21 %). Supported by telephone follow-ups one year after surgery, 20 out of 24 patients (83%) were satisfied with the result and had returned to full tendon loading activity. 
Quality of Life One Year after Surgery
The SF-36 questionnaire measuring quality of life was significantly improved at the 1-year follow-up (Figure 7) . The parameters focusing on quality of life from a physical perspective were increased significantly from 42 (RP; SD 37) -64 (PF; SD 22) before surgery to 85 (RP; SD 28) -87 (RF; 14) at the one year follow-up (PF and RF P < 0.001).
The parameters focusing on quality of life from a mental perspective increased significantly from 62 (VT; SD 21) -82 (SF; SD 21) before surgery to 71 (VT; SD 23) -93 (SF; SD 18) at the one year follow-up (VT P = 0.014, SF P = 0.018).
Complications
One patient reported worse problems one year after surgery than before. This patient got a partial Achilles tendon rupture in the Achilles insertion 6 weeks after surgery. Worth mentioning was that this patient had previously, by a general practitioner, been treated two times with local cortisone injections in the Achilles insertion. One patient had a minor wound rupture and one patient had a streptococcus verified wound infection that was treated successfully with antibiotics.
Discussion
This one-year follow-up study on patients with chronic painful insertional Achilles tendinopathy, treated with ultrasound and Doppler-guided surgery to the superficial and deep bursa, upper calcaneus, Achilles tendon and sometimes also the plantaris tendon, showed good clinical results with a high proportion of satisfied patients back in Achilles tendon loading activity. It is well known that chronic painful insertional Achilles tendinopathy is difficult to treat, and a range of surgical methods have been presented for this condition. Why is this condition so difficult to treat? Why believe this is because the pathogenesis and source of pain basically is unknown. At the Achilles insertion there are three different types of tissues; bursa, bone and tendon. These tissues could alone, or together, be responsible for the pain. Preliminary results from a parallell study of ours, evaluating tissue biopsies from bursae, bone and peritendinous structures in patients with insertional pain, show a rich innervation pattern in close relation to blood vessels in especially the subcutaneous bursa. These findings are in line with previous results of biopsies taken from regions with high blood flow in chronic painful midportion Achilles and patellar tendons, where the nerves were located in close relation to blood vessels outside the painful tendons [24] . Therefore, we believe it is likely that the nerves in the bursae, and in the soft tissues outside the distal Achilles and Plantaris tendon in our patients with insertional Achilles tendon pain also is located in close relation to the regions with high blood flow found during the pre-operative CD examination. In our study, the findings at the pre-operative US and CD examination guided the surgical procedure. Enlarged subcutaneous and retrocalcaneal bursa with high blood flow, especially in the bursa walls, were extirpated and a prominent upper calcaneus (Haglund's deformity) was excised. In a study from 2011, we demonstrated good clinical results using a scraping procedure, targeting the regions with high blood flow and nerves outside the ventral part of the tendon in patients with painful midportion Achilles tendinosis [25] . In our current study, there was also a localized high blood flow outside the ventral part of the distal Achilles tendon pre-operatively. Therefore, the thickened distal Achilles tendon with irregular structure and high blood flow inside and outside the ventral tendon was scraped. Recent studies have demonstrated that the plantaris tendon can be subjected to tendinosis/ tendinopathy and involved in the pain mechanisms related to midportion achilles tendinosis [11, 26] . In our study, 13 patients showed a distally thickened Plantaris tendon surrounded by high blood flow on the US and CD examination, and these findings lead to removal of the distal part of the plantaris tendon. Interestingly, in no other surgical treatment method presented in a scientific study the superficial bursa is removed. Most other studies focus on removing the retrocalcaneal bursa and upper calcaneus. We will have to wait for the final results of the immune-histochemical analyses of the different tissue types, but it might be that the major source of pain is in the superficial bursa.
At our clinic, US and CD examination has become the most used diagnostic tool in the pre-operative evaluation of the Achilles tendon and its insertion. Ultrasound is known to be good in visualizing bone abnormalities and bursa pathology and has been shown to be one of the most accurate imaging modalities for the Achilles tendon [6] . In addition, combining US with CD provides the unique ability to study blood flow in the Achilles tendon, which has been demonstrated to be of importance when evaluating Achilles tendinosis [2, 8] . However, operating an US probe is user dependent, and interpreting the images requires considerable experience, which could be a general limitation. We consider US and CD to be an effective modality to be used in the evaluation of insertional Achilles tendinopathy.
All patients in the current study were operated in local anesthesia. We have found that 5 -10 ml of Xylocaine (10 mg/ml) with adrenaline (5 µg/ml) injected inside and outside the bursae, around the upper calcaneus and ventral to the distal Achilles is enough for a totally pain-free operation. There are many advantages compared to general anesthesia [27] and spinal or epidural anesthesia that commonly are used for this procedure, especially since these patients are operated in prone position.
In our surgical procedure a longitudinal lateral skin incision in the Achilles tendon insertion was used, which is one of several approaches previously described [16] [17] [18] [19] [28] [29] [30] . The lateral incision provided good access to the distal part of the tendon, the subcutaneous-and retrocalcaneal bursa, and the upper calcaneus. A disadvantage with this approach might be when examining the medially located Plantaris tendon. By saving this to the last step of the procedure, after removing the upper calcaneus, improved access to the Plantaris tendon is achieved.
We used a non-tendon invasive approach, where the upper calcaneus and retrocalcaneal bursa were removed without a tenotomy. We find the lateral approach practical, and by lifting up the tendon, bone and bursa can easily be removed. Avoiding a tenotomy enables early weight bearing tendon loading activity postoperatively. Other surgical methods for treatment of insertional Achilles tendinopathy often include longitudinal tenotomy [28] or a partial or total detachment of the Achilles tendon from the calcaneal bone [18] . However, these methods are mainly used to remove intra-tendinous calcifications or insertional bone spurs. In our study, patients with painful bone spurs and calcifications were excluded.
We used VAS during tendon loading activity, satisfaction with the treatment result and the SF-36 quality of life score for evaluation. To the best of our knowledge, quality of life as a health outcome measure in patients with insertional Achilles tendon disorders, has never been studied and evaluated before. This study demonstrated how patients with this condition experience their Quality of life before surgery, and how this type of surgical treatment significantly improved their Quality of life, both from a mental and physical perspective. Interestingly, patients with chronic painful insertional Achilles tendinopathy suffer not only physically but also mentally. This is an aspect that might be overshadowed by the physical limitations, but should be remembered and taken into account, and potentially strengthens the indication for surgical treatment.
Weaknesses in the current study are that we only had a one-year follow-up, and that this was a score and telephone follow-up, with no clinical and sonographic follow-up. The reason to this is that due to logistical problems, with patients living far away from the clinic, it was not possible to bring them in for a follow-up. However, we have planned to also have a 2-and 5-year questionnaire follow-up.
Conclusion
In conclusion, the present study showed that a high proportion of patients with chronic painful insertional Achilles tendinopathy, who undergo US and CD guided surgery with extirpation of the subcutaneous and retrocalcaneal bursa, resection of the prominent upper calcaneus, scraping of the distal tendon and sometimes also extirpation of the plantaris tendon, were satisfied with the results, experienced significantly less pain during tendon loading activity and had improved quality of life, one year after surgery.
